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Amendments to the Specification 

Please replace paragraph [0036] with the following amended paragraph and new paragraphs 

below: 

When material is repeatedly subdivided into a certain critical size or less, the properties of the 
material, suddenly change^ 

Recent studies have shown that materials markedly change their behavior when their size 
decreases to a certain value in the nanometer scale. Most of these anomalous phenomena of 
materials cannot be understood simply from the fact that the surface area relativelv increases 
against the volume of materials with decreasing size. 

There are many phenomena suggesting the existence of the long range force (LRF) in materials, 
e.g.. the formation of an on ordered lattice with a large spacing, the Ostwald type of crystals 
growth and so on. Total sum of LRF acting on each individual atom is quite large, because the 
number of neighboring atoms around each atom increases proportionally to the third power of a 
distance from the atom. And thus, the atomistic structure of materials is determined by the sum 
of these LRF even when the attenuation of LRF itself rapidly occurs. It is easily expected that 
both the atomistic and electronic structures of materials become smaller than the effective radius 
of LRF. 

When the number of constitutive atoms decreases to 10^ ~ 10^. depending on the bonding mode 
and binding strength, the materials show different behavior from bulk ones, as if they are new 
materials. These ultra-fine blocks are named "atom clusters" (AC) whose behavior is closely 
related to the many body effect of constitutive atoms. 

Remarkable changes appear in the behavior when the materials become smaller than the 
corresponding critical sizes. Here, the critical size is named the "magic size" (dM) of AC. The 
value of dM is a fiinction of the surrovmding condition of AC which is classified into the 
following two types: (a) embedded and fb) isolated ones. 
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The magic size of AC can be determined experimentally by both amorphization of crystalline 
materials and the crystallization of amorphous materials. The magic size of various materials 
can be accurately determined not only by the crystal nucleation in various crystals, liquids, and 
vapors, but also by both the order-disorder transition and decomposition of various compounds. 
Because all of these phenomena always take place when the size is smaller than the 
corresponding dM- 

The magic size should, however, be defined as the critical size at which the materials behavior, 
such as sintering speed, alloying speed and other physical parameters (except the mechanical 
strength and the magnetization) markedly changes. 

By observing the phenomena mentioned above, the magic size of various materials has been 
determined as a function of the bonding modes, binding force and the surrounding conditions, as 
shown in Table 1 . 



Table 1. 



Magic Size (ranB) 


Bonding mode of materials 


Isolated 


Embedded 


20-10 


M 


Metallic and ionic bonding 




10-5 


5-3 


Intermetallic compounds 




5=2 


3-1 


Covalent and diamond bonding 





Most of the magic sizes of the embedded AC as shown in Table 1 were directly measured by 
observing the amorphization and crystal nucleation processes, and the others were estimated by 
comparing both the bonding mode and the binding strength of unknown materials with those of 
known ones. On the other hand, most of the magic size of the isolated ones in Table 1 were also 
directly obtained from their critical size at which sintering speed abruptly increases, and the 
others were also estimated from difference in boih the bonding mode and the binding strength of 
materials in the same way mentioned above. Here, it is noted that the magic size is not 
necessarily correlated with amorphization. Namely, all of the general rules must be satisfied to 
cause amorphization even when the material is smaller than the magic size. 
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It is also noted in Table 1 that the magic size in each group decreases not only with increasing 
the degree of covalent bonding but also with decreasing the coordination number. For example, 
the magic size of the isolated AC can be estimated to be il5 ~ 20 nm in f.c.c. metals, il5 ~ 15 in 
b.c.c. metals, lis ~ 20 nm in Ab O^ and i3 ~ 5 rmi in TiC and SiC, respectively. In the embedded 
AC. it is about i2 nm in Si and about il nm in diamond. (See Materials Transaction, JIM, Vol. 
35,No.9,pp. 563-575, 1994). 

Such a sudden change in material properties is recognized as a phenomenon that elasticity 
emerges in the bond between atoms of the material. For example, in the case of a lattice 
composed of four atoms, the phenomenon appears as if a non-elastic wooden lattice changes to a 
spring lattice. In the present invention, a metal particle or a metal crystal lattice and a metal 
surface layer whose physical properties are suddenly changed due to ultrafine subdivision are 
used as a material which is significantly effective for production of an ultrahigh-density 
deuterated nanoparticle (i.e., the above-described metal nano-ultrafine particle or surface layer 
corresponding to two-dimensional metal nano-ultrafine particles). 
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